direction of the gravitational vector, the direction of root growth is changed, resulting in re-alignment of the direction of growth to that parallel with the new vector. In the gravitropic response, the peripheral reverse flow is diverted via redistribution of the cellular location of auxin efflux carriers [5] , leading to the differential auxin accumulation in the underside lateral root cap cells of gravitationally stimulated roots [6] . The resultant auxin gradient is thought to extend to the distally located elongation region of the root, where relatively higher levels of auxin on the underside of the root inhibit cell growth.
Gravitropism is a key characteristic controlling photosynthesis efficiency and planting density, one of the most important agronomic traits in determining crop production [7] . Thus the lazy phenotype has attracted much attention of the breeders. Previous physiological studies on lazy mutants consistently pointed to a potential relationship with auxin actions [8] , however, the precise mechanism by which the auxin gradient affects gravitropic responses in crop remains unknown. A direct link between the rice gravitropic responses and the PAT-mediated auxin redistribution is now revealed by Jiayang Li and colleagues in this issue of Cell Research [9] . Li et al. present convincing evidence showing that agravitropism in the rice lazy1 (la1) mutant is caused by an impaired PAT. The la1 mutation renders the endogenous auxin, as monitored by a specific reporter gene DR5-GUS [10] , to distribute in an enlarged domain that somehow has moved downward to the basal part of the mutant coleoptiles. Consistent with the above observation, in a PAT assay, basipetal transport, but not acropetal transport, of radioactive indolyl-3-acetic acid (IAA, a major bioactive auxin) in etiolated coleoptiles was substantially elevated in the la1 mutant compared to that in wild type. Moreover, the gravity-stimulated lateral IAA transport between the lower and upper halves of the coleoptiles was also significantly impaired in the la1 cole-npg optiles. Thus, LA1 is involved in the regulation of the PAT function to mediated distribution of IAA, through which it mediated the gravitropic responses in rice.
The long struggling history of studies on crop gravitropism was partly owing to the lack of molecular characterization of LAZY genes. Unfortunately, the rice LA1 gene is located near the centromere in Chromosome 11, a region difficult for genetic mapping due to the very low frequency of genetic recombination. Nevertheless, the LA1 gene was identified by Li et al. [9] through a tremendous effort by monitoring genetic recombination from over 30 000 F 2 mutant plants. LA1 appears to be a grass-specific gene with no apparent homologs found in dicots. This raises an intriguing question: do dicots and monocots utilize distinctive mechanisms in responding to gravitropic signals? The LA1 gene encodes a protein of unknown function, which contains a putative transmembrane domain (TMD) and a putative nuclear localization signal (NLS). LA1 was shown to localize in both the plasma membrane and the nucleus in a TMD-and NLS-dependent manner. This unique subcellular localization pattern suggests possible shuttling of the protein between the plasma membrane and the nucleus under different physiological conditions. Interestingly, transgenic studies showed that the strength of the mutant phenotype was negatively correlated with the LA1 expression level, strongly suggesting that LA1 acts as a negative regulator of PAT and thus the tiller angles during development.
A new life started when the Sleeping Beauty was woken up. The discovery made by Li et al. [9] resolves a long-lasting puzzle and represents a major breakthrough in the understanding of the cellular and molecular basis of gravitropism in crop plants. This study opens up new prospects for understanding the gravitropism in monocot plants, and therefore will feed plant biologists' appetites for many years. Not the least, crop-selection programs should benefit.
